Objective: To evaluate the safety and efficacy of aesthetic facial surgery with concurrent nitrogen plasma skin regeneration.
T
HE REALIZATION THAT OPTImal facial rejuvenation requires a multifaceted approach with evaluation and treatment of tissue laxity and sagging, bony and soft-tissue volume loss, and skin photoaging and rhytidosis has led to a myriad of procedure combinations designed to maximize results, often in a single operative session. Skin rejuvenation treatments with primarily epidermal tissue effects or little potential to efface rhytids (eg, medium chemical peel 1 ) have been widely used over areas of tissue undermining. 2 Deeper more effective skin rejuvenation treatments remote from areas of tissue undermining (eg, perioral deep chemical peel 3 or multipass ablative laser peel 4 with rhytidectomy) have also been routinely used. In contrast, deeper treatments over areas of tissue undermining have become commonplace with a few surgical procedures only, while remaining controversial and less widely practiced with other procedures.
Unresolved questions remain regarding treatment modality, depth of skin rejuvenation necessary for optimal results, and safety when performed over areas of tissue undermining. These issues have been increasingly explored 5 since the advent of light-based devices that injure tissue in a more predictable manner than chemabrasion or dermabrasion. 6 Nitrogen plasma skin regeneration is a novel method of skin renewal that uses gaseous diatomic molecular nitrogen as an extracorporeal intermediary and energy reservoir to transduce radiofrequency energy in the device handpiece just before delivery in alternate form (nitrogen plasma) to the skin's surface in a noncontact fashion. 1 The nitrogen plasma energy is rapidly transferred to the skin's surface architecture, with gradient heating of deeper structures via thermal conduction. This creates a dual zone of injury with an outer (superficial) zone of irreversible thermal damage and an inner (deeper) zone of thermal modification.
Nitrogen plasma tissue interaction is non-chromophore dependent and is characterized by controlled predictable energy delivery to the skin's architecture, while avoiding certain phenomena (including excessive collateral thermal injury) often associated with ablative (chromophore dependent) laser tissue interaction. In further contrast to ablative lasers, the "old" skin architecture remains intact immediately after nitrogen plasma skin regeneration; there is no open wound. Neoepithelialization is rapid and is generally complete within 5 to 7 days following treatment. The old skin architecture serves as a "protective biologic dressing" and undergoes gradual desquamation as the neoepidermis appears. 1 The safety and efficacy of aesthetic facial surgery and concurrent nitrogen plasma skin regeneration have not been addressed previously, to our knowledge. This study evaluates the safety of various aesthetic facial surgical procedures with concurrent nitrogen plasma skin regeneration.
METHODS
This study is a retrospective evaluation of our experience with multiple facial aesthetic surgical procedures and concurrent nitrogen plasma skin regeneration. Data were obtained from medical record review at each center, with analysis of compiled data performed by one of us ( J.D.H.).
Patient selection for this study included all patients at each study site who underwent various types of aesthetic facial surgery with concurrent nitrogen plasma skin regeneration during the 28-month study period. Nitrogen plasma skin regeneration was performed immediately on completion of various procedures, including brow-lift, upper blepharoplasty, lower blepharoplasty, lower lateral canthoplasty, endoscopic-assisted midface-lift, biplanar (multivector and multiplanar) facelift, cheek augmentation, upper and lower lip vermillion advancement, superficial musculoaponeurotic system augmentation of upper and lower lips, perioral and midface filler injections, and augmentation mentoplasty. All patients completed appropriate informed consent documents, and all procedures were performed on an outpatient basis in office surgery centers accredited by the Accreditation Association for Ambulatory Health Care. All patients were carefully followed up postoperatively, with outcomes monitoring for dermatologic and surgical complications and for overall aesthetic improvement. Specific details of the protocol used for concurrent nitrogen plasma skin regeneration follow.
Topical anesthetic (lidocaine [6%] and prilocaine [3.5%] in methylcellulose gel); was applied to the treatment areas and occluded with plastic wrap for a minimum of 20 minutes. The topical anesthetic was gently removed using sterile gauze moistened with an isotonic sodium chloride solution.
Regional nerve blocks (supraorbital, infraorbital, mental, external nasal, and greater auricular) and labial blocks were performed as necessary using lidocaine (0.5%), bupivacaine hydrochloride (Marcaine [0.25%]), and epinephrine (1: 200 000). A white cosmetic eyeliner pencil (Beautique, 714021; Sally Beauty Supply, Denton, Texas) was used to draw a grid over the treatment areas to facilitate even and orderly application of nitrogen plasma energy. Supplemental oxygen was turned off and oxygen tubing removed immediately before proceeding with nitrogen plasma skin regeneration.
Nitrogen plasma skin regeneration was performed over the desired areas (typically full face) in the following order: forehead, infrabrow and upper eyelid, lower eyelid, infraorbital and lateral canthal areas, cheeks, and perioral area. The number of passes, treatment energy, pulse repetition rate, and pulse count were recorded for each region treated. For patients undergoing face-lift, treatment variables for the posterior cheek (undermined) area were recorded independent of those for the anterior (nonundermined) area. If a second pass was deemed necessary, this was completed after the initial pass of the entire region and before moving on to the next region.
Occlusive ointment (Post Procedure Balm; EltaMD Swiss American Products, Inc, Carrollton, Texas) was applied to the treated areas following nitrogen plasma treatment. For patients undergoing brow-lift and face-lift, bismuth-petroleum jelly-impregnated gauze was placed over the treatment areas before placement of a circumferential compression dressing.
Use of an occlusive ointment or gel was continued until completion of desquamation and neoepithelialization. Patients undergoing face-lift used compression wear (Universal Facial Band; Design Veronique, Richmond, California) following removal of the initial compression dressing until postoperative day 7. Nonadherent wound dressings were used to prevent direct contact of the compression band with the resurfaced skin of the cheek and perioral areas. (Figure 1) . Among 95 patients, the mean concurrent number of procedures was 2.86 (range, 1-6). Considering the 4 facial regions (forehead, periorbital, cheeks, and perioral), 84 of 95 patients underwent fullface (all 4 regions treated) nitrogen plasma skin regeneration. Five patients underwent treatment of 3 regions, 2 patients had 2 regions treated, and 4 patients had 1 region treated. The mean number of regions treated among all patients was 3.78.
RESULTS

Over
Brow-lift surgery included 3 coronal, 35 endoscopic, and 17 trichophytic procedures. Lower eyelid surgery included 27 transconjunctival blepharoplasties and 8 transcutaneous (skin flap) blepharoplasties in which most undermined skin was resected following limited orbicularis oculi myectomy and repositioning. Where appropriate, nitrogen plasma energy was applied to the lower eyelid skin in a slightly defocused fashion (distal undermined flap only).
All cheek augmentation procedures (10 patients [2 combined malar-submalar and 8 submalar]) involved transoral placement of silicone implants (Implantech Associates Inc, Ventura, California). Eight of 10 patients undergoing cheek augmentation also underwent face-lift procedures. All patients receiving face-lifts underwent a biplanar (multiplanar and multivector) approach with extensive dissection, mobilization, and imbrication of the superficial musculoaponeurotic system and posterior platysma in the subzygomatic, preauricular, and level II neck areas. Skin undermining of 5 to 7 cm was typically performed in the preauricular areas, with more extensive undermining in the neck and connection of the flaps at the midline in the submentum and anterior part of the neck.
Endoscopic-assisted midface-lift procedures involved transtemporal and transoral approaches with superolateral transposition and anchoring of premalar soft tissues to the deep temporal fascia using a midface softtissue device (Endotine; Coapt Systems, Palo Alto, California Calcium thrombin-activated platelet concentrate and concentrated platelet-poor plasma were used to facilitate microhemostasis and wound healing over the undermined areas of the forehead, face, and neck in 66 of 79 patients undergoing rhytidectomy and in 45 of 55 patients undergoing brow-lift. Neither passive nor active drains were used with any of the procedures. All patients undergoing rhytidectomy were nonsmokers.
Eleven combinations of concurrent procedures were performed among 95 patients, with the number of concurrent procedures ranging from 4 to 79. The combined mean concurrent number of procedures for each facial region was 68.0 (range, 42-127) (55 forehead, 48 periorbital, 127 midface, and 42 perioral), providing a thorough evaluation of the safety of concurrent treatment within each region ( Figure 1 ).
The mean treatment energy ranged from 2.6 J over the posterior cheek (undermined area) in patients undergoing face-lifts to 4.0 J over the anterior cheek in midfacelift procedures ( Figure 1C ). Treatment energy ranged from 1.0 J over the posterior cheek (undermined area) in pa- tients undergoing face-lifts to 4.0 J over the cheeks and perioral region. The number of passes during treatment ranged from 1 (posterior cheek, if undermined in patients undergoing face-lifts) to 2 (multiple areas).
Trends for treatment energy, number of passes, and pulse count generally increased during the evaluation period. For the posterior cheek (undermined area) in patients undergoing face-lift, treatment energy gradually increased before peaking at 3.5 J (Figure 2) , while the number of passes was limited to 1 for all patients regardless of treatment energy. Regional pulse count data available from one of us ( J.D.H.) revealed significant escalation for full-face treatments (best-fit curve), along with (except for one patient described herein) minimal variation (Յ12%) above the mean for high-energy treatment of the posterior cheeks (undermined area or flap) in patients undergoing rhytidectomy.
Monitoring for dermatologic and surgical complications revealed 5 transient complications among 272 concurrent procedures (1.8%) in 5 patients who required alteration of the postoperative care regimen ( Table 1) . Despite herpes simplex virus prophylaxis with valacyclovir hydrochloride (Valtrex [1 g/d by mouth]), 1 patient who underwent concurrent upper and lower lip vermillion advancement and perioral nitrogen plasma skin regeneration developed atypical herpetic eczema that ultimately required intravenous infusion of antiviral and antibiotic medications. The condition resolved without residual sequelae. A second patient who underwent facelift and high-energy nitrogen plasma skin regeneration over the cheeks developed an area of delayed healing (defined as requiring Ͼ10 days or 50%-100% longer than the time generally required for neoepithelialization) over the left cheek (undermined area). This quickly resolved with administration of a broad-spectrum oral antibiotic (ciprofloxacin hydrochloride [500 mg twice daily] substituted for cephalexin hydrochloride) and with a change in topical wound care treatment (silver sulfadiazine [1% cream] initiated in lieu of Post Procedure Balm). A review of treatment data for this patient identified an elevated regional pulse count for the posterior cheeks (47% higher than the next highest value above the mean for the remaining patients for whom these data were available), which is discussed further in the "Comment" section).
A third patient who had previously undergone fullface carbon dioxide laser skin resurfacing developed mild postinflammatory hyperpigmentation in several areas juxtaposed to preexisting hypopigmentation. Resolution began within 2 months of initiation of treatment with a topical tyrosinase inhibitor (hydroquinone [4%]) and was complete 3 months after treatment. Finally, 2 additional patients developed transient erythematous acneiform eruption in the periorbital area approximately 4 weeks after their procedures, which responded to management with oral tetracycline derivatives (doxycycline calcium or minocycline hydrochloride).
All patients ultimately demonstrated improvement in skin quality, including reduction of dyschromia, smoothing of surface texture, and effacement of rhytids ranging from partial to complete. All of them had readily consented to undergo nitrogen plasma skin regeneration treatment concurrent with their other procedures. Aesthetic outcomes were perceived by us to reflect substantial synergy, with enhanced results compared with those that might have been achieved with aesthetic facial surgery or nitrogen plasma skin regeneration alone (Figures 3,  4, 5, 6, and 7) .
COMMENT High-energy nitrogen plasma treatment initiates a healing response that is best characterized by delayed ablation, rapid neoepithelialization, and extensive dermal remodeling, including neocollagenesis, neoelastogenesis, and reversal of elastotic change. 1 Clinical correlates include reduction of photoaging and superficial rhytids, partial-to-complete effacement of medium-depth rhytids, as well as skin tightening and limited improvement of deep rhytids. Many practitioners have enthusiastically embraced nitrogen plasma skin regeneration for its effectiveness, low incidence of untoward effects, and breadth of clinical application (including many treatment options for a range of skin types). Several variables favor the use of nitrogen plasma skin regeneration with aesthetic facial surgery for single-session comprehensive facial rejuvenation, including absence of an open wound, predictable depth of tissue injury, and rapid healing.
Advantages of concurrent skin resurfacing include avoiding additional anesthesia and downtime with secondary procedures, 7, 8 improving outcomes [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] with samesession treatment of moderate to severe skin photoaging and rhytidosis, 7 and increased practice efficiency and productivity. In addition, patient self-reported outcomes (including perception of youthfulness [number of years younger in appearance]) are significantly improved with concurrent skin rejuvenation vs aging-face surgery alone. 6 Disadvantages of concurrent skin resurfacing are several. These may include additional anesthesia and operative time, greater complexity of postoperative care, increased postoperative edema, worsened initial postoperative appearance, and greater risk of complications. Presuming similar health status and indications and absence of contraindications, assessment of added risk related to concurrent skin resurfacing requires detailed knowledge of parameters of the particular skin resurfacing treatment and any additional procedures performed in the treated area(s).
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Contrary to regional skin resurfacing remote from areas of surgical intervention (eg, face-lift with concurrent perioral resurfacing), risk may increase above baseline with facial aesthetic surgery and concurrent skin resurfacing in the immediate treatment area (eg, face-lift with regional laser resurfacing over the undermined area of cheeks). Risk factors include health status, type of skin resurfacing treatment, numerous modality-specific variables that affect depth of skin resurfacing treatment, facial aesthetic surgery type and location, and certain preoperative (eg, recent use of oral tretinoin and predisposing skin conditions), intraoperative (eg, extent of undermining and skin closure tension), and postoperative (eg, infection and adequacy of skin care) variables. Numerous studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] have evaluated the safety and efficacy of several combinations of procedures ( Table 2) . However, facial aesthetic surgery with concurrent skin resurfacing over the immediate treatment area represents the routine standard of care for a limited number of procedures (eg, transconjunctival lower blepharoplasty with carbon dioxide laser skin resurfacing of the lower eyelid and infraorbital region). 4, [7] [8] [9] [10] 12, 16, 18, 20 Despite extension of the modality to other combinations of treatments, the application and execution of concurrent laser skin resurfacing and aesthetic facial surgery are limited by Fitzpatrick skin type, potential for prolonged erythema, patient acceptance, and other factors. While continuing to perform concurrent carbon dioxide laser skin resurfacing and aesthetic facial surgery, many surgeons have modified several variables (eg, number of passes, treatment energy, and pulse duration) in an attempt to reduce initial healing time and duration and severity of postresurfacing erythema.
Citing safety concerns, unpredictable thermal effects, and imprecise estimation of resurfacing depth, some surgeons have moved away from carbon dioxide laser resurfacing in favor of erbium:YAG laser systems that more efficiently and precisely effect skin ablation. 8 With lengthening of the pulse width, erbium:YAG lasers are able to achieve effects comparable to those of carbon dioxide laser, with significant tissue contraction and effacement of deep rhytids. Even so, proponents of aesthetic facial surgery and erbium:YAG laser skin resurfacing have advocated less aggressive (limited ablation without long pulse) treatment of undermined tissue (eg, rhytidectomy flap). 8 Nitrogen plasma skin regeneration has emerged as an attractive alternative to ablative laser skin resurfacing. It offers more rapid healing, greater utility across the spectrum of Fitzpatrick skin types, posttreatment skin quality that is more reminiscent of native skin qualitatively and histologically, 1 and fewer complications but comparable efficacy (eg, single-pass medium-to highfluence carbon dioxide laser skin resurfacing). 22 Findings from this study support the safety and efficacy of facial aesthetic surgery with concurrent nitrogen plasma skin regeneration. Nitrogen plasma skin regeneration was found to be safe with brow-lift surgery and with various aesthetic procedures of the periorbital, midface, and perioral regions. Synergy was observed in all facial regions with all procedures performed, including those with significant tissue undermining (eg, rhyti- 
23-26
Infection (including perioral herpes simplex activation) complicating skin rejuvenation treatments has been reported for dermabrasion, deep chemical peeling, and ablative laser resurfacing. Perioral herpes simplex activation has been reported as a complication of various lip enhancement procedures. A 2.4% incidence (1 case per 42 concurrent procedures) of perioral herpes simplex activation is less than previous findings for isolated lip enhancement or skin resurfacing procedures in this region. 23, 24 Delayed reepithelialization has been observed to complicate ablative skin resurfacing procedures. 25, 26 Although regional complications related to concurrent laser resurfacing and cervicofacial rhytidectomy have been infrequently reported, several variables must be considered when weighing the safety and efficacy of concurrent resurfacing of the posterior cheek during rhytidectomy.
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In the present study, a single case of slightly delayed neoepithelialization occurred in 1 of 272 concurrent treatment procedures (0.4%). However, because many procedures involved bilateral or paired treatment areas (upper blepharoplasty, lower blepharoplasty, lower lateral canthoplasty, midface-lift, cheek augmentation, rhytidectomy, lip augmentation, lip vermillion advancement, and perioral filler injections), the incidence of delayed neoepithelialization among individual treatment areas is even lower (1 of 475 treatment areas [0.2%]) . The affected area involved the left cheek in a patient undergoing rhytidectomy without cheek augmentation and was restricted to a small nondistal portion of the undermined skin. Although the area ultimately healed without residual textural irregularity or discoloration, the possible contributing circumstances deserve additional consideration and are discussed in further detail herein. Considering only concurrent treatment of the cheek in rhytidectomy procedures, the incidence of delayed healing of the flap is slightly higher (0.6%) among all patients undergoing rhytidectomy and is higher still (0.9%) among patients who underwent concurrent highenergy single-pass treatment of the flaps (54 of 79 patients receiving rhytidectomy).
Independent of concurrent surgical procedures, variables that may affect healing after nitrogen plasma skin regeneration include preprocedure, intraprocedure, and postprocedure factors. Unique to nitrogen plasma treatment, skin hydration is likely the most significant preprocedure variable. Nitrogen plasma treatment of inadequately hydrated skin may lead to less predictable tissue response related to greater depth of effect. Important variables during nitrogen plasma treatment include treatment technique, treatment energy, and number of passes.
In a patient with delayed healing, the nitrogen plasma pulse count for treatment of the posterior cheeks (undermined area or flap) exceeded the next highest value above the mean by 47%. Therefore, excessive pulse overlap may have been a significant contributing factor for delayed healing in this patient. However, the regional treatment zone surface area was not evaluated, and the higher pulse count may be partially explained by the greater area of the treatment zone in this patient.
Although the treatment depth and the zone of irreversible tissue damage are generally increased or deepened by additional passes with ablative lasers, these variables do not change significantly with additional high-energy nitrogen plasma passes. 1, 27 The lack of significant extension of the injury depth with a second high-energy nitrogen plasma pass is likely attributable to an insulating effect related to changes in the basal epidermis (development of pericellular edema or vacuolation) following the initial highenergy pass.
1 A second high-energy pass (if performed) is not intended to increase bulk heating or to result in immediate pulse stacking. Indeed, the rationale for a second high-energy nitrogen plasma pass is improved coverage and greater uniformity of treatment.
High-energy single-or double-pass nitrogen plasma treatment elicits thermal effects at a level within the dermis (Յ500 µm 1 ) that a nonfractionated ablative laser (eg, carbon dioxide and erbium:YAG) can reach only after multiple passes. At similar depths of middermal injury, clinical improvements result from different characteristics of healing following primarily irreversible tissue damage (coagulative effect of ablative lasers) vs primarily reversible tissue damage (nitrogen plasma). Figure 8 shows preservation of the epidermis and thermal denaturation of collagen (reversible tissue damage or zone of thermal modification) into the middermis following high-energy nitrogen plasma treatment. Few wrinkles are typically present over the posterior cheek, 8 especially after tissue rearrangement associated with cervicofacial rhytidectomy; therefore, less aggressive resurfacing is needed in this area in the context of a concurrent or staged procedure. Accordingly, concurrent nitrogen plasma treatment of the face-lift flap was initiated at the lowest energy setting (1.0 J). However, treatment of the face-lift flap with low energy (Յ2.0 J) in the first 25 patients undergoing rhytidectomy yielded inferior results compared with treatment with high energy (Ն3.0 J) in the subsequent 54 patients undergoing rhytidectomy. After escalating through the low-energy treatment range with disappointing results (eg, incomplete elimination of dyschromia over the face-lift flap and obvious transition from areas treated with low vs high energy), we elected to then treat the face-lift flap using a single high-energy pass (treatment variables sufficient to replace the epidermis and to cause extensive remodeling of the upper dermis), with excellent clinical results. A paradoxic lengthening of healing time of several days until completion of desquamation was observed over the face-lift flap when treated with low vs high energy; faster healing for concurrent treatment of the face-lift flap was another desirable outcome with the use of high energy. Despite theoretic safety, a second high-energy pass was not performed over the flap, as high-energy single-pass treatment seemed adequate. Important posttreatment factors include infection, adequacy of skin care, and other unknown variables. Neoepithelialization is typically complete within 5 to 7 days after high-energy nitrogen plasma skin regeneration. For this study and as a general benchmark for future comparisons, delayed healing after nitrogen plasma skin regeneration was defined as that requiring longer than 10 days (50%-100% longer than the interval generally required for neoepithelialization). In some cases, delayed healing may be more aptly described as a temporary breakdown of previously healed tissue, perhaps related to infection, desiccation, inadvertent wounding (unintended rubbing or scratching), or another unexplained phenomenon.
Surgical variables that may affect outcomes related to concurrent resurfacing (eg, nitrogen plasma) of the facelift flap in patients undergoing rhytidectomy include extent of skin flap undermining, skin flap closure tension, and skin flap thickness, with each potentially affecting skin flap blood supply and ultimately skin flap viability. 28 Depending on such variables, the surgeon should be prepared to modulate previously anticipated treatment variables (eg, increase treatment nozzle offset from the skin surface and/or decrease treatment energy) or, if significant concern regarding face-lift flap viability, to abort nitrogen plasma treatment over the posterior cheek region.
Postinflammatory hyperpigmentation has been reported after other skin resurfacing treatments and is more likely to occur with darker skin types. 23 In our experience, pretreatment and posttreatment with a topical tryrosinase inhibitor may prevent or minimize postinflammatory hyperpigmentation among patients with darker skin types who undergo nitrogen plasma skin regeneration treatment.
Lower eyelid malposition (eg, mild retraction or rounding), a known sequela of periorbital ablative laser skin resurfacing, 29 has not been reported or observed by us following high-energy single-or double-pass nitrogen plasma treatment of the lower eyelid and infraorbital area. Nevertheless, linear skin contraction exceeding 10% has been observed in controlled clinical experiments, 30 and we have observed substantial tissue tightening following high-energy nitrogen plasma skin regeneration. Although treatment energy of 4.0 J was routinely used in conjunction with transconjunctival blepharoplasty, treatment energy did not exceed 3.0 J in conjunction with transcutaneous blepharoplasty. Release of lower eyelid retractors with transconjunctival blepharoplasty may have contributed to the apparent safety of maximum highenergy treatment of the lower eyelid and infraorbital region. Therefore, caution is advised with high-energy nitrogen plasma treatment of the lower eyelid and infraorbital region, especially with any preexisting lower eyelid abnormality.
In some patients, lower eyelid rounding or laxity is present. In these patients, we advocate consideration of lateral canthoplasty with temporary tarsorrhaphy when performing nitrogen plasma skin regeneration of the infraorbital area.
Using the described protocol, combining nitrogen plasma skin regeneration with aesthetic facial surgery does not seem to substantially increase the risk of dermatologic or surgical complications for the procedures described herein. Excessive pulse overlap (or immediate pulse stacking) may contribute to delayed tissue healing and should be avoided. The combination of nitrogen plasma skin regeneration and aesthetic facial surgery is readily accepted and well tolerated by patients and results in synergistic improvement of outcomes for procedures in the forehead, periorbital, midface, and perioral areas.
Concurrent nitrogen plasma skin regeneration adds another dimension to facial rejuvenation such that substantial overall improvement may be obtained and some of the pitfalls of more extreme surgical or skin resurfacing measures may be avoided. Moreover, the benefits of nitrogen plasma skin regeneration continue to accrue over time, with skin quality, tone, and texture typically peaking 6 months or longer after treatment, well beyond the time when maximum results are realized for surgical facial rejuvenation. For some patients, this continuing improvement may enable a change of focus in the postoperative period and a corresponding positive shift in the dynamics of the physician-patient relationship. Investigations evaluating the efficacy of a new nitrogen plasma energy paradigm 31 for treatment of deep rhytids are under way, raising the possibility of even greater synergy with future concurrent therapies. 
